Abstract. Residual stresses occur in every welded manufactured structure. Different studies aimed to classify the methods of investigating the residual stresses and to highlight the advantages and disadvantages/limits of each of them. The conclusion is that ultrasonic investigation permits the evaluation of bulk stress state of welded components with acceptable accuracy. Our past research has addressed various aspects of ultrasonic investigation of residual stresses in welded steel parts: different cases of the analysis of residual stresses, edge effect on analyses of residual stresses. The purpose of this paper is to continue the previous research by introducing a new case: comparative study of equal size samples obtained by splitting an initial sample. The probe was conceived as a frame with a detachable side. After welding, the assembly is processed on a grinding machine to ensure parallel surfaces. The sample, as obtained, is ultrasonic investigated as part. After that, the detachable side is removed and the resulted part is split in six equal samples. Every so obtained sample was investigated and results are presented. New direction for future research is proposed.
Introduction
Residual stresses occur in every welded manufactured structure. Many investigations have been carried out to study this phenomenon. Different studies aimed to classify the methods of investigating the residual stresses and to highlight the advantages and disadvantages/limits of each of them [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
Our past research has addressed various aspects of ultrasonic investigation of residual stresses in welded steel parts: different cases of the analysis of residual stresses, edge effect on analyses of residual stresses [11, 12] . Observations made during experiments opened up new investigative directions. By studying, for example, edge effect we used samples of different thicknesses and we noticed an interesting distribution of stresses in the samples obtained by splitting an initial sample.
This paper aims to investigate the mode of distribution of residual stresses in identical samples obtained by splitting, perpendicular to the welding line, of an initially welded sample.
Theoretical backgrounds
There are several methods for the analysis of the phenomena and relationships arising from residual stresses and propagation of ultrasounds in metals. Our previous research [11, 12] , presented the theoretical principles used for experimentation. A synthesis is presented below. The approach is based on identifying a relationship between Young's modulus and velocity of a longitudinal wave.
Longitudinal wave velocity is given by Eq. 1 [1] : 
Using into equation 1 the values of Lamé moduli from equations 2 and 3 results:
In Eq. 5 is explicit relation between Young's modulus, sound velocity, density of the material and Poisson ratio. (5) Relation between stress, strain and Young's modulus is assumed to be governed by Hooke's law.
Method
Experiments were conducted using a previews equipment and methodology [11, 12] and a short description is presented in the following. The probe was conceived as a frame with a detachable side (see Figure 1 ). After welding, the assembly is processed on a grinding machine to ensure parallel surfaces. The sample, as obtained, is ultrasonic investigated as Part P (see Figure 7 ). After that, the detachable side is removed (see Figure 3 ) and the resulted part is splitting in six equal samples denominate as P1, P2, P3, P4, P5, P6 (see Figures 2 and  4) . Every sample P1-P6 was processed on a grinding machine to ensure parallel surfaces (in same manner as the part P). Each of the P1-6 samples was marked with divisions to locate the measurement points (see # 5) .
The sample material is USt. For each sample to be brought to the initial request position a screw extension was used (see Figures 6 and 8) . The points of interest are marked as series of points A1, A2, A3, A4, A5, A6, A7; B1, B2, B3, B4, B5, B6, B7; C1, C2, C3, C4, C5, C6, C7 (see figure 9 ) and was established in our previous research [11, 12] . These points were investigated for every sample (P, P1, P2, P3, P4, P5 and P6) ultrasonic in the state charged of the sample (with constriction), condition obtained by using the extension screw (as shown in the figure 6 ) and preserved by fastening on the base piece (as shown in the figure 8). 
Results and discussion
As mentioned above the points of interest marked as series of points A1, A2, A3, A4, A5, A6, A7; B1, B2, B3, B4, B5, B6, B7; C1, C2, C3, C4, C5, C6, C7 were investigated for every samples P1-P6 in state charged (with constriction). For every point several measurements (minimum five) were done. To assessing whether one piece of experimental data from a set of observations, is likely to be spurious Chauvenet's criterion was applied. The results of the investigation are presented in tables 1-7, figures 10-12 and refer to points of interest A1, A2, A3, A4, A5, A6, A7 B1, B2, B3, B4, B5, B6, B7, C1, C2, C3, C4, C5, C6, C7 for each of the P, P1, P2, P3, P4, P5, P6 samples. On the tables below Δσ A , Δσ B , Δσ C represent stresses variation related to standard sample for the measuring points. The state of stresses in the P-piece is caused by the simultaneous action of forces F1 and F2 (see Figure 1 ). For the whole piece P the effects of the forces F1 and F2 determine the stress state shown in Table 1 and represented by line P on the graphs in Figures 10-12 . It can be seen that by splitting the P-piece into six equal parts the stress distribution in the six P1-P6 pieces is different from the P-piece. For parts P1, P2, P3, P5 there is a decrease in the longitudinal wave speed, so a relaxation of the material by stretching.
It is also noted for the P4, P6 parts an increase in longitudinal wave speed, as compared to the P piece, which can be interpreted as a compression.
There are also local points P1 (C3, C4, C5), P2 (C3, C5), P5 (A5, B5, C4, C5) for which the speed is very different from the other points of the sample. These particular observed values may be linked with weld or fusion zone and heat-affected zone.
The distribution of most of the points for samples P1, P2, P3 and P4, P6 on either side of the sample P can be interpreted in relation to the direction in which the welding lines were made (see Figure 1) .
It can be hypothesized that an influence on the distribution of the stresses in the measured points on each sample P1, P2, P3, P4, P5, P6 has the split order and the slot size.
Conclusions
By splitting the P-piece into six equal parts the stress distribution in the six P1-P6 pieces is different from the P-piece. For samples P1, P2, P3, P5 there is a decrease in the longitudinal wave speed, so a relaxation of the material by stretching. It is noted for the P4, P6 parts an increase in longitudinal wave speed, as compared to the P piece, which can be interpreted as a compression.
Weld or fusion zone and heat-affected zone have a particular and differentiated influence on the state of the stresses at the neighboring points. An example of this is the distribution of the stresses in the points P1 (C3, C4, C5), P2 (C3, C5), P5 (A5, B5, C4, C5).
The direction in which the welding layers are performed has an important influence. For the experiments the welding layers were performed in the direction of the arrow (see figure  1) . It can be said that the sense of welding was from P6 to P1. It can be noticed that after splitting, the P1, P2, P3 pieces (located at the end of the welding cord) relaxed while the P4, P6 pieces (located towards the start of the welding cord) contracted.
The stress variation in the measured points, in absolute values, is between 0 and 132 N / mm2. Similar variations are identified in similar works in the literature [5] . Case studies are, however, particular, and the establishment of similarities is not always easy.
The behavior of the P5 piece rather similar to P1, P2, P3 and not similar to P4, P6 as expected would lead to the hypothesis that the order of splitting the original piece in the P1-P6 parts is important.
It can also be suspected as part of stress distribution in parts after splitting has the size of the cutting slit.
Taking into account the aforementioned, new research may be continued by taking into account the order of the splitting into parts, the parameters of the welding regime, and the characteristics of the heat-affected zone.
